OBJECTIVE: To investigate the relationship between blood cholesterol and triglyceride, birthweight and central obesity in pre-school children, after controlling for height and body mass index. METHODS: This was a longitudinal population-based study in south-west England. Research clinics were held when the children were 31 and 43 months of age, where anthropometric measurements were made and a non-fasting blood sample was taken and analysed for triglyceride, total cholesterol and high-density lipoprotein (HDL) cholesterol. Lowdensity lipoprotein (LDL) cholesterol values were calculated using the Friedewald equation. Central obesity was estimated using the ratio of waist circumference:arm circumference (WC:AC). RESULTS: Complete blood lipid and anthropometric data were available for 385 children at 31 months and 470 children at 43 months. Height was negatively associated with the concentration of triglyceride, and total and LDL cholesterol. There was little evidence for a relationship between body mass index (BMI) and blood lipids at either 31 or 43 months. The only signi®cant relationship between birthweight and blood lipids was a negative association with HDL (and consequently a positive association with the ratio of total:HDL cholesterol) in boys at 43 months. Adjustment for current height and BMI had little effect on the associations between birthweight and blood lipid concentrations. WC:AC was positively associated with triglycerides and negatively associated with HDL values in boys, and had a quadratic relationship with LDL concentrations among girls. These relationships were unchanged or became stronger on adjustment for current height and body mass index. CONCLUSION: In the pre-school child, central obesity has a relationship with triglyceride and HDL concentrations that is independent of current height and BMI. We have found no evidence that increasing birthweight is associated with a more favourable blood lipid pro®le at 31 and 43 months.
Introduction
Britain has one of the highest rates of coronary heart disease in the world. 1 This is partly due to the high mean cholesterol levels in this country, 2 as high cholesterol is related to a greater degree of atherosclerosis 3 and to increased coronary heart disease morbidity and mortality. 4 Strong relationships between blood lipid levels and anthropometry have been found in adults 5 ± 7 and school age children. 8 ± 11 Two particularly consistent relationships are the association of increased height with a more favourable blood lipid pro®le among children, and of obesity with a less favourable blood lipid pro®le among both adults and children. Most studies on adults have found central obesity to be particularly strongly related to blood lipid levels, 12 ± 14 but the importance of fat distribution in pre-adolescent children is unclear, with studies giving con¯icting results. 8,11,15 ± 18 In addition, historical cohort studies have suggested that intrauterine factors represented by birthweight may have a life-long effect on blood lipid metabolism. 19, 20 However, it is uncertain that the relationships between blood lipid levels and birthweight in children born in the 1990s will be the same as among those born in the ®rst half of the century, when the dietary and environmental conditions experienced by pregnant women were very different to those today.
It appears that the process of atherosclerosis begins very early in life, 21, 22 thus the maximum chance of preventing coronary heart disease developing would be given by reducing cholesterol levels in children at as young an age as possible. However, there is very little information on the determinants of blood lipid levels of children below school age. The aim of this study was to examine the relationships between blood lipid levels, birthweight and central obesity in a group of pre-school children, after controlling for current height and body mass index (BMI).
Methods

Study design
This study forms part of the Avon Longitudinal Study of Pregnancy and Childhood, a geographically based cohort study investigating factors in¯uencing the health and development of children. All pregnant women resident within that part of Avon which was within the area of the South Western Regional Health Authority with an expected date of delivery between April 1991 and December 1992 inclusive were eligible. The study has been described in more detail elsewhere. 23 Information in the ALSPAC study is collected both from medical records and via a series of self-completion postal questionnaires sent to the mother. Between 80% and 90% of eligible mothers enrolled for the study, resulting in 14,893 pregnancies. A proportion of the children born in the last 6 months of the study (equivalent to 10% of the whole cohort) were selected at random to take part in a sub-study known as Children in Focus (CIF). These children attended research clinics at which a variety of physical and developmental measures were taken approximately every 6 months. The blood lipid data and anthropometric measurements used in this study were obtained at the CIF clinics. Ethical approval for the study was obtained from the ALSPAC Ethics and Law Sub-Committee and from the three Medical Ethics Committees in the Avon study area.
Blood collection and lipid analysis
A non-fasting blood sample for lipid analysis was collected when the children were aged 31 months (between January and June 1995) and when the children were aged 43 months (between January and June 1996). The blood sample was obtained using venepuncture after the application of a topical anaesthetic cream (EMLA).
The resulting plasma samples were stored at À20 C and analysed using a Technicon RA500 which was calibrated regularly. Total cholesterol concentrations were determined using an enzymatic colorimetric test with cholesterol esterase. High-density lipoprotein (HDL) concentrations were also assessed by a colorimetric test using cholesterol esterase, after precipitation of low-density lipoproteins (LDL) by dextran sulphate and magnesium. Triglyceride concentrations were determined using an enzymatic colorimetric test. LDL levels were calculated by applying the Freidewald equation 24 Ð this equation is not applicable when triglyceride values are greater than 2 mmolal. The method of analysis was validated by comparing our results with those obtained by a hospital laboratory using the same samples.
Anthropometry
The anthropometric measurements taken were weight, height, arm circumference and waist circumference. Height was measured to the nearest 0.1 cm using a Leicester height measure. Weight was recorded to the nearest 100 g with the child wearing only underwear, using a Seca scale, model 835. Arm circumference (AC) was measured midway between scapula and elbow using Babytape, made by the Child Growth Foundation, and recorded to the nearest 0.1 cm. Waist circumference (WC) was measured using Babytape at 31 months, and a Holtain anthropometric tape at 43 months, and recorded to the nearest 0.1 cm.
Two indices were calculated using these measurements. Body mass index (BMI) was calculated from the weight in kilogrammes divided by the height in metres squared, for use as a measure of obesity. WC:AC was calculated from the ratio of waist circumference to arm circumference and used as a measure of fat distribution analogous to the waist:hip ratio, on the assumption that a higher ratio of waist to arm circumference is an indication of a more central pattern of obesity. We used this measure in preference to waist ± hip ratio. This was because a study which determined peripheral and abdominal adipose tissue content in children using magnetic resonance imaging found that WC:AC correlated positively with intraabdominal adipose tissue (r 0.63, P 0.001) while waist:hip ratio did not (r 0.11). 25 
Other variables
Breast-feeding history was obtained from a questionnaire sent to the mother when the child was 6 months old. Maternal pre-pregnancy BMI was calculated from self-reported pre-pregnancy weight and height collected by questionnaire.
Statistical methods
The CIF sample included a mixture of ethnic groups and both twin and singleton births. A number of studies have found ethnic group to in¯uence both anthropometry and blood lipid levels. 8, 16, 26, 27 As the number of non-white children in the sample was too small to analyse separately they have been excluded from the statistical analyses in order to prevent confounding. Twins have also been excluded from statistical analyses as the two members of a twin pair do not represent truly independent points, and unlike the rest of the CIF sample they were not a randomly selected group. In addition, some children were excluded from the analyses where we judged that there had been errors in recording anthropometric measurements, for example where there was a large change in waist or arm circumference between 31 and 43 months without a similarly large change in weight Ð this led to the exclusion of 48 children.
The relationship between blood lipid concentrations, anthropometry and birthweight was investigated using regression analysis. The blood lipid variables investigated were triglyceride, total cholesterol, HDL cholesterol, LDL cholesterol and the ratio of total:HDL cholesterol (T:HDLC). Triglycerides and T:HDLC were transformed to the natural logarithm to reduce skewness in the distribution. Breastfeeding history was included in some multivariate analyses as a possible confounder, as research has suggested that it may have long-term effects on blood lipid levels, 20, 28 and the growth patterns of breast-fed and Blood lipids in pre-school children I Cowin et al non-breast-fed children have been shown to differ. 29 Birthweight, WC:AC, height and BMI were ®tted as continuous variables. Breast-feeding history was ®tted as a dichotomous variable, with a breast-fed child being de®ned as one who was breast-fed for a month or more.
Initially all the anthropometric variables and birthweight were regressed singly against the blood lipid variables in order to examine the ®t of the linear and quadratic models. The quadratic model was used if it increased the level of variance explained as compared to the linear model, and if the P-value of both the linear and quadratic terms in the quadratic model was 0.05. Then a second set of analyses was carried out, in which birthweight and WC:AC were adjusted for the effects of current height and BMI to determine how this affected their relationship with blood lipid levels. The third set of analyses examined the relationship between birthweight and WC:AC and blood lipid levels when all the variables (birthweight, WC:AC, height, BMI and breastfeeding) were entered into a regression analysis simultaneously. We also examined the effect of adding maternal BMI to the ®nal model, as this is associated with both birthweight and childhood BMI.
All analyses were carried out separately for boys and girls. All analyses were carried out using the SPSS statistical package.
Results
Response rate
In all, 1305 children were invited to the 31 month clinic, of whom 1135 (87%) attended. At the 31 month clinic the mothers of 926 children gave consent for a blood sample to be taken. However, due to the practical dif®culties with taking blood from children of this age blood samples were only actually obtained from 680 children, and not all of these samples were large enough for a full lipid analysis. Total cholesterol concentrations were successfully measured in 496 of the samples (43.7% of attendees), triglyceride in 496 and HDL in 372 samples, allowing calculation of the T:HDL cholesterol ratio in 368 children. The triglyceride concentration was less than 2 mmolal in 410 samples, allowing calculation of the LDL values for 310 children.
A total of 1248 children were invited to the 43 month clinic, of whom 1065 attended (67 children had been withdrawn from the study by their parents between the 31 and 43 month clinics). A total of 878 mothers gave consent for blood to be taken from their children and 742 blood samples were obtained. Total cholesterol concentrations were measurable in 616 of these samples (57.8% of attendees), triglyceride in 613 and HDL in 615, allowing calculation of the T:HDL cholesterol ratio for 603 children. The triglyceride concentration was less than 2 mmolal in 549 samples, allowing calculation of the LDL values in 543 children.
Only white singletons with a complete set of valid measures were used in the analyses relating lipid concentrations to anthropometric measurements. This reduced the numbers to 371 for triglyceride analysis at 31 months (35.9% of white singletons attending) and 451 for triglyceride analysis at 43 months (46.1% of white singletons attending).
Anthropometry
The anthropometric measurements were taken by a total of six measurers at 31 months and nine at 43 months. Reliability of the measurers had been assessed at clinics held when the children were aged 25 months and 49 months. Comparison of the results obtained from different pairs of measurers measuring the same child revealed no systematic biases between them. Therefore, we felt it was unnecessary to adjust the anthropometric results according to the measurer.
Although all parents gave consent for their children to be measured, due to the practical dif®culties in measuring children of this age not all the anthropometric measurements were obtained for all the children. The mean anthropometric measurements at 31 and 43 months are shown in Table 1 .
Representativeness of the sample
The weight and length measurements of the CIF sample at birth, 1 y and 2 y have been compared to published national standards 30 and found to be very similar. 31 In order to check that those children from whom we obtained blood samples were representative of the CIF sample we compared the anthropometric measurements of children who did and did not have blood taken. At 31 months boys who had a blood sample taken were marginally heavier (14.2 vs 13.9 kg, P 0.063) than those who did not, and had a slighter higher BMI (16.7 vs 16.4 kg m 2 , P 0.057) and waist circumference (50.4 vs 49.8 cm, P 0.048). However, in girls at 43 months those children who had Compared to the 1991 National Census data of mothers with infants under 1 y who were resident in Avon, the ALSPAC population demonstrated a slight shortfall in those living in rented accommodation, those without a car, single parent families and unmarried cohabiting couples. The mothers of the CIF subsample were, on average, slightly older than the ALSPAC population in general, and had a higher rate of owner occupation. We speculated that within CIF there might be socio-economic differences between children who did and did not have a blood sample taken. However, we could ®nd no association between presence or absence of a blood sample and the housing tenure or highest educational achievement of the mother (data not shown).
Blood lipids
The mean blood lipid concentrations at the two time points are shown in Table 2 . There was a signi®cant fall in the total cholesterol and triglyceride and a signi®cant increase in the HDL cholesterol concentrations between 31 and 43 months (P`0.001 in all cases). The between-batch CV was less than 5% for all blood lipid analyses. Tables 3 ± 6 show the associations of height, BMI, birthweight and WC:AC with triglycerides, HDL cholesterol and LDL cholesterol. The associations with total cholesterol and T:HDLC are not shown in most of the tables, as there were very few signi®cant associations with total cholesterol concentrations, and the signi®cant relationships with T:HDLC tended to be the inverse of those with HDL. The ®nal models, including anthropometric variables, birthweight and breastfeeding history generally explained less than 5% of the variance in blood lipid values.
Height and blood lipid concentrations (Table 3) Height was negatively linearly associated with triglyceride concentrations in girls at both 31 and 43 months. Among boys there was a positive quadratic relationship between triglycerides and height at 31 months, but no relationship at 43 months. There was a negative linear relationship between height and total cholesterol at 31 months, which was signi®cant in boys and marginally signi®cant in girls. By 43 months the association between height and total cholesterol had disappeared. There were no signi®cant associations between height and HDL cholesterol concentrations or T:HDLC. The only signi®cant relationship between height and LDL cholesterol was a negative linear association among boys at 31 months.
Childhood BMI and blood lipids (Table 4) There was no apparent relationship between BMI and triglyceride, total cholesterol, HDL cholesterol or a The data for triglyceride and T:HDL cholesterol ratio in the CIF survey was transformed, therefore the geometric mean with 95% con®dence intervals is shown. Birthweight and blood lipids (Table 5) There was no apparent relationship between birthweight and triglyceride or total cholesterol concentrations, either in unadjusted or adjusted analyses. Among boys there was a negative association between HDL cholesterol values and birthweight at both 31 and 43 months. At 31 months this association was only marginally signi®cant, and became less signi®cant on adjusting for height and BMI, and other factors in the model. At 43 months the unadjusted association between birthweight and HDL was signi®cant. It was little affected by adjustment for height and BMI, but became stronger on further adjustment for WC:AC and breastfeeding history. There was no apparent relationship between birthweight and HDL among girls.
There was a relationship between birthweight and T:HDLC in boys at 43 months which mirrored that with HDL concentrations. The association was positive, and became stronger on adjustment for height and BMI and all factors in the model. In an unadjusted analysis there was a marginally signi®cant negative association between T:HDLC at 31 months and birthweight in girls Ð this was weakened on adjustment for height, BMI, and other factors in the model. There was no apparent association between birthweight and T:HDLC in boys at 31 months or in girls at 43 months.
There was no association between birthweight and LDL cholesterol concentrations in either univariate or multivariate analyses.
Waist circumference:arm circumference and blood lipids (Table 6) WC:AC was signi®cantly positively associated with triglyceride values in boys at both 31 and 43 months Ð this relationship was strengthened on adjustment for current height and BMI. The mean triglyceride concentrations in boys at 43 months by quintile of WC:AC are shown in Figure 1 . There was no association between WC:AC and triglyceride in girls.
There was no apparent relationship between WC:AC and total cholesterol concentrations. Adjusted for all factors in the model (height, BMI, WC:AC and breastfeeding history).
Blood lipids in pre-school children I Cowin et al HDL cholesterol concentrations were linearly negatively associated with WC:AC in boys at both ages (Table 2 ). This association became slightly stronger on adjustment for current height and BMI. A scatterplot of HDL concentrations against WC:AC in boys at 43 months is shown in Figure 2 . In girls at 43 months there was also a negative association between HDL and WC:AC Ð this was marginally signi®cant and was little affected by adjustment for other factors in the model. There was no apparent relationship between WC:AC and HDL concentrations in girls at 31 months.
There was no association between T:HDLC and WC:AC in adjusted or unadjusted analyses.
At 31 months there was a quadratic relationship between WC:AC and LDL concentrations in girls only, which was largely unaffected by adjustment for current height and BMI. In boys there was a marginal negative linear association with LDL, which became signi®cant on adjustment for height and BMI. There was no association between LDL concentrations and WC:AC at 43 months in either sex.
Effect of including maternal pre-pregnancy BMI in the model
In univariate analyses the only signi®cant association between maternal pre-pregnancy BMI and blood lipids was with cholesterol concentrations in girls, which were signi®cantly negatively associated with maternal BMI at both 31 and 43 months (r À0.176, P 0.024 and r À0.151, P 0.030, respectively). Adjusted for all factors in the model (height, BMI, birthweight and breastfeeding history). Blood lipids in pre-school children I Cowin et al
Adding maternal BMI to the multivariate models had very little effect on the association between blood lipids and the other predictor variables, except in the models predicting total cholesterol at 43 months, where the addition of maternal BMI resulted in the association between birthweight and total cholesterol concentrations reaching signi®cance in both boys and girls (B 0.253, P 0.033 and B 0.302, P 0.0485, respectively).
Discussion
As the children we were studying were so young, it was not possible to obtain fasting blood samples. This means that the triglyceride values we have obtained must be interpreted with caution. However, using nonfasting blood has a negligible effect on measures of total and HDL cholesterol concentrations. We have found a signi®cant change in the mean blood lipid concentrations between 31 and 43 months, with the combination of a fall in total cholesterol and an increase in HDL cholesterol meaning that the blood lipid pro®le is considerably less atherogenic than at 43 months. The reasons for these changes are unclear, in other surveys of pre-school children blood lipid concentrations are very stable over this age range. 26, 32, 33 We chose to analyse the data from boys and girls separately. This was because we found gender differences in the mean blood lipid values Ð at 43 months boys had a signi®cantly higher mean HDL concentration and a lower T:HDLC (data not shown). Gender differences in blood lipid concentrations have been observed previously in surveys of pre-school children. 26, 27 Data on 8 ± 18 y olds in`Project HeartBeat!' suggest that the relationship between blood lipids and anthropometry differs between the sexes. 34 When the data from boys and girls in our study were combined it tended to reduce the strength and signi®cance of any associations between blood lipid concentrations and anthropometry, despite the considerable increase in the sample size (data not shown).
The relationships we have found between anthropometry, birthweight and blood lipid concentrations are a little hard to interpret. The associations are fairly weak, and the models can only explain a small amount of the variation in blood lipids. However, there will have been a certain amount of measurement error in our blood lipid measurements due to within person variation Ð the correlation between repeated plasma cholesterol measurements some time apart within individuals is around 0.7. 35 Thus the models used are likely to underestimate the true strength of any relationships between anthropometry and birthweight and blood lipids as a result of regression dilution bias. 36 While it is sometimes unclear whether the relationships are linear or quadratic in form, and whether the differences between the two time points are real or a feature of factors such as changing sample size, a number of patterns do emerge from the data.
Increasing height appears to be associated with more favourable blood lipid concentrations in these children, being negatively correlated with triglyceride, total cholesterol and LDL cholesterol. Similar relationships between height and plasma cholesterol have been observed in British 9 y olds 8 and school-age Jamaican children. 9 We have found very little evidence that a higher BMI has a detrimental effect on blood lipid pro®les at 31 and 43 months, indeed at 43 months there was some evidence of a negative association between BMI and LDL concentrations. It should be remembered that these LDL values, are a biased sample; as we were using non-fasting blood we were unable to calculate LDL values, for those children with a triglyceride concentration of more than 2 mmolal, and it is uncertain whether the associations we have found would apply across the whole population. Our results are in contrast to those of a number of studies of children aged between 5 and 16, where, indicators of fatness such as weight-for-height, BMI and skinfold thicknesses have been associated with higher total and LDL cholesterol, lower HDL cholesterol and higher triglyceride concentrations. 8 ± 11 However, a number of other studies of pre-school children have also failed to ®nd an association between BMI and blood lipid concentrations. In a multiracial sample of 7439 1 ± 4 olds from Arizona there was no association between BMI or weight-for-height and blood cholesterol, although very overweight (BMI ! 20) 3 and 4 y olds tended to have higher cholesterol concentrations than the other children. 27 Similarly, in a longitudinal study of 256 children from infancy to age 7, Freedman et al. found no consistent associations between ponderosity and blood lipid values during the ®rst 4 y of life. 26 We thought it was possible that we had not observed an effect of obesity because there was a lack of overweight children in our sample, however, when we compared the CIF sample with the UK reference data (Child Growth Foundation London) we found that we had higher than expected numbers of children over the 95th percentile of BMI (6.1% of boys and 7.7% of girls at 31 months, and 7.1% of boys and 9.0% of girls at 43 months). It may be that the detrimental effects of obesity on blood lipid concentrations are not apparent until later in life.
Our data suggest that fat distribution (as measured by the ratio of waist circumference to arm circumference) is a stronger determinant of blood lipid concentrations in pre-school children than BMI. We have found WC:AC to be positively associated with triglyceride concentrations in boys, and there is evidence of a negative association with HDL in both sexes, although it should be noted that WC:AC explains a relatively small amount of the variation. As the blood samples we obtained were non-fasting, the triglyceride concentrations will have been affected
Blood lipids in pre-school children I Cowin et al by the time since and composition of the last meal. However, this effect is likely to have been random with respect to WC:AC, so is likely to have led to an underestimate of the strength of the association between WC:AC and triglycerides. Any meal eaten by the children would have been at least 1 ± 3 h before the blood sample was taken, due to the amount of time spent in the clinic, which included an hour for the anaesthetic cream to take effect. The quadratic relationship between WC:AC and LDL concentrations in girls is hard to interpret, due to the biased nature of the LDL samples Ð the results of studies in adults would have led us to expect a positive association between WC:AC and LDL. 12 Some studies in adults have suggested that waist circumference alone is a better predictor of fat distribution 37 and of the metabolic consequences of obesity 38 than ratios such as waist:hip or WC:AC. We used waist:arm circumference in preference to waist alone in order to avoid the problem of having two highly correlated variables in a multivariate analysis, ie waist circumference and BMI, making it hard to distinguish between the effects of overweight and fat distribution. In univariate analyses, the association between triglycerides at 31 and 43 months in boys and waist circumference was similar to that with waist:arm circumference. However, while there was a signi®cant association between HDL and waist:arm circumference at both ages, there was no such association with waist circumference (data not shown). The relative merits of waist circumference and waist: arm circumference as epidemiological tools in young children need to be investigated further.
The results of other studies in children relating blood lipid concentrations to fat distribution are mixed. Rona et al found no relation between the ratio of limb:body skinfold thicknesses and cholesterol concentrations in 9 y old British children, 8 however, in 9 ± 10 y old American girls this ratio was positively associated with HDL cholesterol values, 16 and among 2816 5 ± 17 y old children in the Bogalusa Heart Study the ratio of subscapular:triceps skinfold was positively associated with LDL and triglycerides, and negatively associated with HDL. 15 A Swedish study of obese 12 ± 14 y olds found waist circumference to be signi®cantly negatively related to HDL-cholesterol, and signi®cantly positively related to triglycerides. 17 However, two American studies, one in 8 ± 11 y old girls 11 and one in 12 ± 17 y olds, 18 found no independent association of waist:hip ratio with blood lipids. Interpretation of these results is complicated by uncertainty about the validity of the different measures of fat distribution, and in some cases by the in¯uence of stage of puberty. The relationship between fat distribution and metabolic risk factors may also be affected by race. 39 Although we adjusted for the effect of breastfeeding we found little to suggest that infant diet is an important determinant of subsequent blood lipid concentrations. The only signi®cant association was a 0.28 mmol lower total cholesterol concentration in breast-fed children among girls at 31 months. While animal studies have shown that different infant diets may have permanent effects on blood lipid concentrations and metabolism, 28 several studies in humans have failed to ®nd persistent effects of breastfeeding on cholesterol values. 27, 40, 41 Some studies have suggested that intrauterine factors may be a determinant of subsequent plasma cholesterol concentrations. Analysis of birth records of men born in Shef®eld in 1939 ± 1940 found that low abdominal circumference at birth was associated with raised total and LDL cholesterol concentrations. 19 The authors suggested that this re¯ected a permanent impairment of cholesterol metabolism resulting from reduced liver growth in the foetus as a response to undernutrition. In addition, lower birthweights have been found to be associated with an increased risk of dying from cardiovascular disease. 42 Our results give little support to the theory that the intra-uterine environment may have longterm effects on blood lipid metabolism. The only signi®cant associations we have found are a negative association between birthweight and HDL concentrations in boys at 43 months, a positive association with T:HDLC in the same group, and a positive association with total cholesterol at 43 months in both sexes (after adjustment for maternal pre-pregnancy BMI). Furthermore these associations are not in the direction which might be expected from the Barker hypothesis, in that if high birthweight is associated with a reduced risk of coronary heart disease one might expect it to be associated with a more favourable blood lipid pro®le. We have found increasing birthweight to be associated with lower HDL, increased T:HDLC, and increased total cholesterol concentrations, all of which are considered risk factors for coronary heart disease. Several other studies have found increased birthweight to be associated with a less favourable blood lipid pro®le. Among men born in Hertfordshire at the beginning of the century, serum cholesterol rose with increasing birthweight. 20 Similarly, in a survey of middleaged Australians there was a positive correlation between birthweight and cholesterol, despite a negative correlation with current height 43 and in the National Study of Health and Growth in Britain there was a marginal positive association between birthweight and total cholesterol concentrations in 9 y-old children. 8 In conclusion we have found no evidence that increasing birthweight is associated with a more favourable blood lipid pro®le, while there is some evidence that a central pattern of fat distribution may have an adverse effect on the blood lipid pro®le as early as 2 1 2 y of age. While the pattern of fat distribution is unlikely to be changeable by intervention, it may be of use in identifying those children who are likely to go on to develop heart disease.
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